Objective: This study was undertaken to evaluate intraoral 3D scans for assessing dental arch relationships and obtain patient/parent perceptions of impressions and intraoral 3D scanning.
Yardstick, Huddart Bodenham, and modified Huddart Bodenham (MHB) indices (Altalibi et al., 2013) .
The GOSLON Yardstick is a five-category index used to evaluate the dental occlusion of children with UCLP in the late mixed or early permanent dentition (Mars et al., 1987) and remains the most frequently used occlusal index in cleft care (Altalibi et al., 2013) . The Five-Year-Olds' Index (Atack et al., 1997) was a refinement of the GOSLON index and designed to determine the outcomes of primary surgery at an earlier age. Like GOSLON, the Five-Year-Olds' Index is reliable, although both are limited to assessing UCLP cases. Their ordered categorical nature can result in a degree of subjectivity in scoring and requires both clinical expertise and rater calibration to minimize systematic bias.
The EUROCRAN Yardstick is similar to the GOSLON and 5-Year-Old indices but has a reduced number of categories due to the improvement in outcomes . Intra-and interrater reliability are moderate to very good for the dental arch relationship scoring but less reliable for the palatal index (Fudalej et al., 2011) . Huddart and Bodenham (1972) created an additive score classification of relative maxillary arch constriction for the deciduous dentition in UCLP (excluding the lateral incisors, which are frequently absent or malformed). Modifications of the Huddart Bodenham index (MHB) now include the permanent dentition and all cleft subphenotypes (Gray and Mossey, 2005) . The continuous scale nature of MHB makes it easy to learn, improves sensitivity over categorical indices (Altalibi et al., 2013) , and reduces random error. Moreover, the ability to analyze the malocclusion in sections is advantageous over single category outcome scores (Gray and Mossey, 2005) .
In addition to cleft care, study models remain an essential 3D tool in dentistry generally and particularly within orthodontics to monitor the effects of growth and treatment on the occlusion and to measure outcomes. They are also required for the fabrication of appliances and the production of treatment simulations, the latter being useful for the discussion of treatment options with patients. Study models are cast from impressions of the dentition using gypsum based dental plaster or stone. The drawbacks of plaster models are that they are brittle, bulky, and heavy with storage, transfer, and retrieval is problematic (McGuinness and Stephens, 1992; Joffe, 2004; Keating et al., 2008) . Digital models minimize many of these problems and are created by scanning plaster models or impressions to create indirect digital study models. In their systematic review, Fleming et al. (2011) reported that digital models could replace plaster models in orthodontics with no detriment to any resultant clinical information. However, impressions can be uncomfortable and heighten anxiety particularly for young children and/or those with sensitive gag reflexes (Kravitz et al., 2014) . For patients with a repaired cleft lip (with or without cleft palate), an additional factor is the manipulation of the scarred upper lip and the potential for discomfort arising from this. Direct digital scanning of the dentition eliminates these problems, minimizes impression faults, and avoids any potential for sensitivity/allergy to impression materials (Roberta et al., 2003) . Furthermore, eliminating impressions in cleft care would significantly reduce the burden of care for patients and their families.
Intraoral scanners use various noncontact optical technologies to create a 3D map of the intraoral structures. These include confocal microscopy, optical coherence tomography, 3D in motion video, triangulation, and interferometry (Kravitz et al., 2014) . Data points collected using a scanning unit or handheld wand are fed back to a workstation and viewed in real-time on a monitor. Wiranto et al. (2013) compared intraoral scanning (Lava Chairside Oral Scanner, 3M ESPE, Seefeld, Germany) and CBCT scanning of impressions, finding that intraoral scanning is a valid, reliable, and reproducible method for diagnostic dental measurements. In contrast, Naidu and Freer (2013a) found statistically significant differences between tooth widths and Bolton ratio analyses between plaster and direct digital models (iOC intraoral scanner, Cadent, Carlstadt, NJ). Despite this, the differences were deemed to be clinically insignificant as with other validation studies (Naidu and Freer, 2013b; Wiranto et al., 2013) .
The evaluation of digital study models is an active topic in dentistry (Tables 1 and 2) , although no study has investigated the utility of digital models produced by an intraoral scanner for the assessment of dental arch relationships and surgical outcomes in cleft care.
OBJECTIVES
The objective of the current study was to evaluate intraoral 3D scans as an alternative to impressions for the assessment of dental arch relationships as a marker of treatment outcomes as well as obtain patient and parent/or carer feedback of the experience of dental impressions and intraoral 3D scanning.
NULL HYPOTHESES
1. There is no difference in the reliability of scoring dental arch relationships using the GOSLON and MHB indices between plaster and digital study models. 2. There is no difference in patient acceptability between routine dental impressions and intraoral 3D scanning.
MATERIALS & METHODS
Ethical approval and Caldicott Guardian approvals were obtained from the West of Scotland Ethics Service and Tayside Medical Science Centre, respectively, for this prospective study assessing the reliability of GOSLON and MHB scoring of 3D digital models of patients with UCLP created using an intraoral scanner when compared to plaster study models produced from alginate impressions.
A sample size of 34 participants was determined to have 80% power to identify a clinically important difference (P , .05) of more than one GOSLON category between two different model formats. Knowing that some subjects would not attend or refuse impressions, a sample of 60 individuals aged between 5 and 21 years with UCLP were identified from the Cleft Care Scotland (Scottish National Managed Clinical Network for Patients with Cleft Lip and Palate) database as resident in the Greater Glasgow & Clyde NHS Board area. Those with suspected or identifiable syndromes or where assent/consent were problematic due to a lack of capacity or non-native English speaking were excluded.
A patient information sheet (PIS) and parent/carer information sheet (for potential participants below age 18) were mailed along with an appointment card to each potential participant. Statements included in the PIS provided assurance of confidentiality and that participation was voluntary. The PIS included contact details for any questions regarding the study or research in general. Four PIS versions were created and approved for language and content.
A total of 14 potential participants failed to attend leaving a sample of 46 participants. On attending the clinic, the impression and intraoral 3D scanning procedures were explained along with the opportunity to ask any questions. A consent form was completed by the participant and countersigned by the parent/carer for those below age 18.
Plaster Models
Impressions of the maxillary and mandibular dentition were taken by a single investigator using orthodontic impression trays (www.orthocare.co.uk) and Exact Alginate (www.unodent.com). A wax occlusal registration was also taken in maximum intercuspation. The alginate was mixed using an automatic mixer (Pulsar MX-300 Alginate Mixer, Motion Medical Supplies & Equipment Corporation, Sanchong City, Taiwan) to produce a reproducible consistency and setting time. Inadequate impressions were repeated. The impressions and wax occlusal registration were submerged in disinfectant solution (Perform 1D, Sch¨ulke & Mayr Ltd., Sheffield, United Kingdom) for decontamination for 10 minutes. Plaster study models were cast from the impressions in 100% dental stone (Yellow Stone, John Winter & Co. Ltd., Halifax, United Kingdom), the bases trimmed corresponding to the occlusal registration and allocated an anonymous subject number ( Fig. 1) .
Scanned Plaster Models
The plaster models were scanned using the R700 Orthodontic Study Model Scanner (3Shape A/S) by one investigator to create indirect digital study models (Fig.  2) . A jig was used to secure the models in the correct occlusion during scanning.
Intraoral 3D Scanning
The maxillary and mandibular dental arches were scanned separately and in occlusion using the Trios Digital Impressions Scanner (3Shape A/S) by a single investigator to produce direct digital models ( Fig. 3 and Supplementary Movie 1 [available online]). The quality of the digital scan could be monitored at the chairside and any areas of the dentition that were not adequately scanned were repeated until the investigator was satisfied with the quality of the scan (Fig. 4) .
Questionnaire
Following the impressions and intraoral 3D scan, questionnaires were completed. A participant questionnaire was constructed with a Flesch Reading Ease of 70.1 and Flesch-Kincaid Grade Level of 7.6, indicating a reading age of 11. Participants could be assisted by their parent or carer to complete the questionnaire, and a similar questionnaire was produced for parent/carer responses. Using a categorical scale, participants scored their perception of comfort and time required for the dental impressions and intraoral 3D scan. The scoring options included 1 (''Very Good''), 2 (''Good''), 3 (''OK''), 4 (''Bad''), and 5 (''Very Bad''). The option to say ''I don't know'' (X) was also provided. The parent/carer questionnaire used an identical scoring system and asked for scores on their opinion of their child's experience of the dental impressions and intraoral 3D scan. To avoid any influence, both questionnaires were completed without an investigator being present.
Scoring
The plaster models, scanned models, and intraoral scans were scored by three observers on two occasions 1 month apart using the GOSLON and modified Huddart-Bodenham indices. All examiners were GOSLON Yardstick calibrated and were proficient MHB users working with both indices in routine clinical practice. The intraoral scans and scanned plaster models were scored on a laptop with 13.3 00 Backlit LED HD (1366 3 768) resolution display using orthodontic 3D study model software (3Shape OrthoAnalyzere Software, 3Shape A/S). The models could be orientated and manipulated using the mouse to simulate the manual process of assessing plaster models. The GOSLON reference models were available throughout the scoring process, and the data for each model format were collected on a scoring sheet before being subsequently entered into a spreadsheet (Microsoft Excel, Redmond, CA).
Statistical Analysis
Intra-and interexaminer reliability of GOSLON and MHB scoring was determined using Cronbach's Alpha for each model medium with the threshold of 0.9 for agreement (Nunnally, 1978; Kaplan, 1982; Bland and Altman, 1997) . To visualize the level of interexaminer agreement for each model medium, Bland and Altman plots were created for the MHB data, plotting the differences of the bias (Y-axis) versus the mean of the MHB scores (X-axis) with the data for each model medium being tested with one-sample t tests to calculate any significant differences (P , .05). The questionnaire data were then tested using Wilcoxon signed ranks tests (P , .05).
RESULTS
Forty-six subjects with UCLP (25 women, 21 men) were recruited with an age range from 9 to 21. Of these, three subjects (9-year-old, 14-year-old, and 15-year-old young women) declined impressions, and their data were discarded. Forty-three subjects (93.5%) completed all aspects of the study. The GOSLON scores ranged from 1 to 5 (median score ¼ 2) with the MHB data ranging from À24 to þ3 (mean value ¼À8.4).
Examiner Reliability
Intra-and interexaminer reliability as assessed using Crohnbach's alpha were above the threshold of 0.9 for all three model formats for both GOSLON (plaster models ¼ 0.965, indirect digital models ¼ 0.965 and (Table 3) . For interexaminer reliability of the MHB data when tested with Bland-Altman plots, the mean differences were 0.093 (SD ¼ 2.145) ( Fig. 5a ) for plaster models, 0.132 (SD ¼ 1.986) (Fig. 5b) for indirect digital models and 0.015 (SD ¼ 1.723) (Fig. 5c ) for direct digital models. Interexaminer reliability was therefore good with P . .05 for all three model formats with the direct digital models having the lowest interexaminer differences.
Questionnaire
Regarding their experience of impressions, 44.2% of participants felt this was good or very good, 39.5% felt it was ''OK,'' and 16.3% had a negative experience rating their experience as ''Bad'' or ''Very Bad'' (Fig.  6a ). Over half of the participants (51.2%) found the time required for impressions to be positive (''Good'' or ''Very Good''), and only 13.9% gave a negative reflection (''Bad'' or ''Very Bad'') ( Fig. 6b ). Regarding their experience of the intraoral 3D scan, 84.8% of participants regarded this to be ''Good'' or ''Very Good'' (Fig. 6c ). The majority (56.6%) of subjects found the time required for intraoral 3D scanning was ''Good'' or ''Very Good'' (Fig. 6d) . No participants reported a negative experience of the 3D intraoral scanner regarding comfort (Fig. 6c) . A similar level of negative feedback was found for the time required for impressions and intraoral 3D scanning at 13.9% and 15.2%, respectively ( Fig. 6b and 6d ). Participants expressed a preference for the comfort of the intraoral 3D scanner (P ¼ .00018) when compared to impressions, but there was no significant difference in regard to the time required for either method (P . .05).
The parent/carer evaluations for children's experiences of dental impressions were generally positive (68.8% for comfort and 75% for time required), with only 12.6% reporting their child had a negative experience ( Fig. 7a and 7b ). There was no negative feedback given by accompanying parents/carers regarding the children's experiences of the 3D intraoral scanner (Fig. 7c  and 7d ). Overall, the parents/carers expressed a significant preference for the 3D intraoral scanner in comparison to the routine impressions for comfort (P , .05) and the time required (P , .05).
DISCUSSION
Scoring for each medium-plaster, indirect, and direct digital models-was carried out by three examiners to determine the generalizability of the results, on two separate occasions to allow reliability to be assessed. A reliability coefficient over 0.90 has been generally accepted as sufficient agreement by several authors for clinical applica- tions (Nunnally, 1978; Kaplan, 1982; Bland and Altman, 1997) and was therefore adopted for this study. Both intraand interexaminer reliability for all three study model mediums were above this threshold.
The ICC reliability (Cronbach's alpha model) has also been successfully used to assess internal consistency in previous studies using categorical surgical outcome measures such as the GOSLON Yardstick on plaster models of patients with UCLP: a ¼ 0.99 (Dobbyn et al., 2012) , 0.83 (Nollet et al., 2005) .
Intraoral scans demonstrated superior interexaminer reliability to indirect digital models, which in turn were greater than that for the ''gold standard'' plaster models (which were nevertheless acceptable) as determined by the Bland-Altman scatterplots and the mean interexaminer differences for the three model formats. The null hypothesis was therefore rejected, as direct digital study models were shown to have higher reliability than either indirect digital or plaster study models.
These results are in line with previous cleft care studies which have determined ''Good'' to ''Very Good'' levels (Altman, 1991) plaster models with digital models (Asquith and McIntyre, 2012; Leenarts et al., 2012; Servet et al., 2012; Chawla et al., 2013) (Tables 1 and 2) . Our investigation was novel by employing intraoral 3D scanning, as such models have not been investigated for the assessment of dental arch relationships in cleft care to date. Earlier studies in noncleft groups (Wiranto et al., 2013; Naidu and Freer, 2013b; Gr¨unheid et al., 2014) all detected that measurements made on direct digital models produced by intraoral scanning were similar to those made on plaster models. While our study did not entail direct measurements on the models, the MHB index assesses relative maxillary arch constriction; therefore, our results reinforce the findings of these earlier studies.
Patient feedback is increasingly utilized in healthcare but has received minimal attention in cleft care (Turner et al., 1997) . No published questionnaire exists to provide insight into patient opinions of cleft care outcome assessments. Similarly, questionnaire information from parents/carers about their child's experience of outcome assessments have not been reported in the literature. Closed-ended rating scale questionnaires were therefore created to obtain participant and parent/carer perceptions of routine dental impression and intraoral scanning and were noted to have face validity. The questions were kept simple to allow completion by participants of any age with straightforward response options using five categories and the option of ''I don't know'' (X) for participants unsure or unable to comment.
Subjects in this study were likely to have previously undergone impressions as part of their cleft care, although none had previously undergone intraoral scanning. To minimize bias, participants and parents were asked to disregard earlier experiences and to reflect only on their perceptions of impressions and intraoral scanning on this occasion. Participant perception of routine dental impressions was mixed, and while the majority (44.2%) rated impressions positively, 16.3% rated them negatively. In comparison, participants strongly preferred the intraoral 3D scan (P ¼ .00018). There was no difference for participant perception of the time required for either impression or scanning (P . .05). These results are similar to Yuzbasioglu et al. (2014) , who found that 100% of medical and dental students preferred an intraoral 3D scan (Cerec OMNICAM, Sirona Dental GmBH, Salzburg, Austria) and that this was more time efficient when compared to routine impressions. Lee and Gallucci (2013) also found digital impressions (Cadent iTero, Carlstadt, NJ) were more efficient than conventional impressions when assessed by the total time required. Of interest, the results by Gr¨unheid et al. (2014) were quite different, where 73.3% of patients preferred impressions (''easier'' or ''faster'') with 26.7% preferring intraoral scanning (''more comfortable''). These investigators also found less favorable results in relation to the time taken to perform an intraoral 3D scan versus a routine alginate impression, with the latter being shorter (P , .0001). It should be noted that the findings by Gr¨unheid et al. (2014) are likely to result from the use of a scanner designed primarily for restorative dentistry requiring excellent moisture control and the application of a titanium dioxide powder (Lava COS, 3M ESPE, Minneapolis, MN), which will inevitably have increased both discomfort and scanning time. The scanner used in this study did not require strict moisture isolation and did not require a powder to improve contrast.
In contrast to Lee and Gallucci (2013) , Yuzbasioglu et al. (2014) , and Gr¨unheid et al. (2014) , we also evaluated parent/carer perceptions of their child's experiences. These mirrored the participants with parents/carers expressing a preference for 3D scanning over impressions (P ¼ .003). However, unlike the participants, they expressed a clear preference for the time required for intraoral scanning in comparison to impressions (P ¼ .030). The second null hypothesis was therefore rejected, as patient and parent acceptability was statistically significantly greater for intraoral scans compared to impressions. In total, there were 46 participants, which exceeded the minimum sample size and is in line with previous samples (Nollet et al., 2005; Asquith and McIntyre, 2012; Chawla et al., 2013) . Notably, the majority of studies of dental arch relationships in cleft care have used archived plaster study models or photographs (Altalibi et al., 2013) . Retrospective records are at risk of being incomplete or damaged, and it is not possible to obtain patient feedback without memory bias. There is potential for selection bias if records are not chosen randomly or consecutively. Although prospective data collection relies on participant attendance, accurate feedback can also be collected. As a result, the assessment of dental arch relationships and participant/parent (or carer) perception of impressions and intraoral scans using a prospective cohort of patients from one center minimized bias and confounding, overcoming some of the drawbacks of earlier investigations. Furthermore, patients with nonsyndromic UCLP were chosen, as this subphenotype is most representative of the spectrum of surgical and nonsurgical interventions in cleft care. We used the GOSLON and MHB indices to test the effect of the model formats on both a categorical index, which relies primarily on overjet (Morris et al., 1994) , and an ordinal index, scoring relative maxillary arch constriction of the whole dental arch, respectively (Gray and Mossey, 2005) . It is noteworthy that the MHB index has been recommended as the best and most versatile index for outcome assessment in cleft care according to a range of World Health Organization criteria (Altalibi et al., 2013) , and therefore it is reasonable to assume that our results are generalizable to other cleft subphenotypes or to orthodontics in general.
The level of nonparticipation was low. Only three participants refused to have an impression taken but all underwent intraoral 3D scanning. Although this was not thought to have any negative impact on the results, it highlights the potential of intraoral scanning to eliminate the burden of care of dental impressions for patients with clefts. To avoid any variations in impression taking or scanning techniques, individual operators performed all the impressions or scanning, and all the participants had impressions undertaken before intraoral scanning. To standardize the plaster models, the same brand of impression trays and impression material were used with an automated mixer. Although the plaster models had surface imperfections, we did not correct these, as this process could bias the results for the plaster and indirect digital models. All of the plaster models were scanned using the R700 3D model scanner (www.3dshape.com) and the same standardized technique.
All study model mediums were anonymized for scoring, with each being scored on two occasions 1 month apart to eliminate memory bias. Scoring was carried out by each examiner individually to exclude conferring.
The findings of this study support the use of intraoral 3D scans to replace impressions for the assessment of dental arch relationships in cleft care with existing model archives being scanned to reduce the burden of storage and create digital model databases for future intercenter research for the refinement of treatment protocols. As intraoral 3D scanning is a simple procedure and avoids the requirement for impressions to be cast in plaster, this study supports the use of this technique by cleft teams in both the developed and the developing world as an adjunct to clinical photography for the evaluation of outcomes by reducing the burden of care for patients, families, and cleft centers. The development of an algorithm to automatically calculate occlusal outcomes would allow scoring to be done independently and remotely further minimizing error and eliminating subjectivity.
